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Abstract


Classroom teachers are increasingly encouraged to integrate technology into their curriculum.  Studies show that when this technology is used to enhance rather than drive curriculum, student achievement improves.  This study investigates the application of technology, including computer lab simulations and data management using the Excel software program, into a Secondary Level Honors Chemistry curriculum.  Results of this study agree with the literature, the integration of appropriate technology into the curriculum will enhance the learning environment of the classroom.  As a result of this work, curriculum changes have been planned for the Chemistry course as well as the Computer Applications course.

Introduction


The application of technology to curriculum goals has been an ever-present consideration throughout my career.  When I first began teaching chemistry, I had to decide between introducing my students to the use of hand held calculators as opposed to the continued use of slide rules. In the years that followed I have continued to deliberate over the applications of technology in my class.  In some areas I have experienced success and in some, I have been unsatisfied with the outcome.  The use of new tools and resources for the classroom teacher is always accompanied by a need for continued training in the use and application of the hardware and software, a need for time to rewrite curriculum, and a need for finances to acquire the technology.  With shrinking budgets and increasing class size, the resources to fund an expanding program for use of technology in the classroom are growing more difficult to find.  In spite of this, educators recognize that the addition of technology is valuable and worthwhile.  The classroom should be curriculum driven, not driven by the available technology.  “Technology should be a tool, not a means to an end.” (Vail, 2003) 


Given all of these considerations, there exits abundant educational research lauding the effectiveness of technology use on the classroom learner.  The use of technology can provide for an individualized instruction for each student.  Students can learn at their own pace and still have a successful outcome. (Ediger, 1996)  In a recent study, students’ attitudes toward the use of the World Wide Web in an educational activity were studied.  Student response indicated that most found the activity useful and enjoyable. It should be noted, however, that these students agreed that face-to-face instruction should not be entirely replaced by working on the web. This study also found that students also devoted more time to educational activities on the web as opposed to traditional class activities. (Felix, 2001)

Research Question

My research question for this project is derived from the need to fully use the technology available to me without incurring any additional expense to my district.  By using the resources available I would like to answer the following question:  “How can the available technology be used to enhance the learning in my Chemistry classes?”

Setting


My classroom is combined with a large laboratory area.  As a result, I have ample space for my students to work.  They may work at their desks or at the lab tables in the rear of the room.  There are eight PC’s hard-wired to the Internet around the perimeter of the room.  They are all interfaced to a Laser printer.  I have a digital projector, digital camera and a laptop to use as needed.  My school was recently able to obtain “Computers on Wheels” (COW).  This consists of a cart with 19 laptops and a printer.  These computers are wirelessly connected to the Internet and the printer dedicated to the cart.  

Subjects


The students who participated in this study are my Honors Chemistry students.  I have two sections of Honors Chemistry with a total of 55 students.  Of these students, 35 are currently enrolled in our Computer Applications course.  The Computer Applications course is taught by a Technology teacher and includes topics such as tables, formatting documents in Word as well as use of Excel.

Method


This project will investigate the impact of the use of a laboratory simulation on the World Wide Web followed by data manipulation using Excel on the learning activities of my students.  


Prior to the introduction of Excel as a graphing tool in my classroom, two questions needed to be answered:  first, how many of my students currently use Excel  (or a similar program) to create graphs and second, how many of my students can draw graphs and interpret graphical data manually.  To accomplish this, early in the academic year I gave my students a Technology survey to complete. Soon after, I asked them to complete the graphing assignment on the production of crude oil in North America. The assignment asks the students to graph given data with no specific information about graph style or properties of a good graph.  Students were then asked to complete question about the data that they had graphed.


The next part of the project was to have my students use a laboratory simulation on the World Wide Web to gather data.  Lab simulations are helpful in those areas where students are unable to obtain data from the actual laboratory setting.  In some cases the experiment my be too dangerous for a high school science student, in other cases the experimental set up may require equipment that is unavailable in the high school lab. My students completed a Boyle’s Law Lab Activity (Attachment 1) as a computer simulation.  Boyle’s Law is a gas law relating pressure and volume of a gas.  The equipment needed for the collection of data for this lab involves pressure gauge and moveable gas pistons.  Since I did not have this equipment, I found a site on the Web that offered a lab simulation for this relationship.  By searching through GOOGLE, I found the Web Site, www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/gaslaw/boyles_law_graph.html .

At this site, students could click and drag the piston on a confined gas to a specific volume and the corresponding pressure would be recorded on a Pressure versus volume data table. (Attachment 2) In order to accomplish this task, I used the C.O.W. in my classroom.  One computer was dedicated to the digital projector.  The remaining computers were distributed to the students working in pairs.  The site was displayed using the digital projector while my students were instructed on the use of the digital tools.  Students then collected a series of simulated pressure volume values.  


After a sufficient amount of simulated data was collected from the web site, students were instructed to use Excel to graph various relationships between the variables.  Students then answered questions based upon what they observed from the simulation and from the data analysis from the Excel graph.


A follow-up activity included graphing experimentally obtained data collected from an experiment involving cooling curves for two substances (Attachment 3).  Once again, students used the C.O.W. and the Excel program to complete the assignment.

Results


The initial technology survey indicated that five students out of a total of 55 used Excel to graph.  Some students responded that they used the abbreviated graphing programs as part of a Word or Power Point program but I determined that this use was not sufficient for the purpose of this project. A sample responses are attached as Attachment 4.  

All 55 students completed the initial “Crude Oil” graphing exercise.  All were able to correctly set up coordinate axis, label each axis, graph points and give an appropriate title to the graph.  A total of 8 students omitted units on one of the axis. Student work is attached as Attachment 5 in multiple parts.  Following this activity, students reviewed graphing techniques and the properties of a good graph.   

A subsequent lab activity involving density of liquids resulted in fully 100% of all students able to draw graphs and include all the necessary components of a good graph.  I was confidant that my students could manually draw graphs and that the use of Excel would not replace this important skill.


The Boyle’s Law activity was surprisingly easy to accomplish.  Just prior to this project, the students who were simultaneously enrolled in the Computer Applications course were introduced to Excel.  As a result, many of them confidently completed the assignment and were able to coach their peers who were not in the course.  All students were able to successfully graph the Pressure versus volume of a gas as well as inverse pressure versus volume of a gas using the Excel program to both graph and calculate the inverse pressure.  Additionally, on the Lab Report students were requested to obtain a product of pressure versus volume for the data series that they had collected. Although my initial intent was that they would use their calculator for this operation, many students returned to the Excel program to complete this task.  Sample of student work are attached as multiple Attachment 6.


A follow-up activity involved graphing data from cooling curves of two substances.  In this activity, students warm a test tube containing paradichlorobenzene in a water bath until it was liquid.  Thermometers are placed into both the water bath and the paradichlorobenze.  Temperatures were recorded every minute until the paradicholorbenzene had solidified.  Students were then instructed to graph the experimental data using Excel and to answer questions about the resulting graph.  All students were able to successfully complete this assignment.  Student work is attached as multiple Attachment 7.

Conclusion


Has the learning environment improved through the use of available technology?  My results seem to indicate that this is undoubtedly the case.  Throughout these activities, all of my students were actively engaged in either completing the assignment themselves or assisting other students who may have needed help.  All student reports were accurate, complete and submitted in a timely manner.  A key factor in the success of this study was the coordination between the Chemistry class and the Computer Applications class.  Students were able to see a direct and useful application of a skill they had learned from one class to another.  A curriculum change is planned for the fall in both classes.  Next year, the Computer Applications course will begin with the use of Excel.  We are planning an activity that will require the students to analyze data obtained from the Chemistry lab in their computer course.  Additionally, students taking a second year of Chemistry will be required to continue to use Excel as a valuable tool for data analysis.
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Introduction: Boyle’s Law addresses the relationship between pressure and
a volume of gas. In this lab simulation, you will change the pressure on a
given volume of gas and observe the results. You will record the values for
pressure and volume. You will then use Excel to graph the relationship
between P vs V and P vs 1/V in order to verify the mathematical relationship
between P and V.

1. Turn on your computer.
2. Go to the Shared Directory and open up the CHEMISTRY folder. Open
the BOYLES LAW file. Copy the following website:

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/gaslaw/b

oyles_law_graph.html
3. Open the Internet Explorer. Paste in the website and press the “Go”

button.

4. At this site you will see a gas piston and a pressure indicator.

5. Make sure that the gas you work with first is air.

6. Move the gas piston to at least four different volumes of air using your
mouse. The corresponding pressures will be automatically recorded in
the data chart on the screen. Record the values below:

7. Data for Air:

Pressure (psi) Volume (mL)
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9. Into cell Al Enter “Volume”. Into cell B1 enter “Pressure”. (You can
use the tab key or the arrow keys to move from cell to cell.)

10.Enter your air volume and pressure values into the cells appropriate cells.

1 1.If your volumes are not in ascending (increasing) order, highlight all of
the cells in the volume column. Choose the “Data” button from your top
tool bar. Scroil down to “Sort”. On the pull down menu choose volume,
ascending. Click “OK”.

12.Highlight all of the cells into which you have entered data and labels.

13. At the top tool bar choose “Insert” then scroll to “Chart”. For Chart type,

choose XY Scatter, then choose the sub-type showing the points with a

smooth line. Press “Next”. You should now see a sample graph of the

data you have entered. Click on “Next”.

.Enter the title (Pressure vs Volume?), X axis value with units (Volume

mL) and Y axis value with units Pressure, (psi). Note- you can move in

this window using the Tab or the mouse. Press “Next”.

15.Display as an object in sheet 1. Click “Finish”.

16.Right click on the Chart and copy. Reduce the excel window but do not
close.

17.0pen a blank windows document. Type in your names and paste the
chart.

18.Go back into your Excel page, highlight all of the data columns and copy
and paste into your word document.

p—
=N

Now for the fun stuff...
19.In column C1 enter 1/Pressure.

20.Into C2 enter =1/B2

21.Highlight the cell. Click on the lower right corner of the cell, you should
see a cross. Drag down the column to match the B data column. Right
click. Your data in the C column should now be equal to the inverse of
each B column entry.

. Highlight the B column, go up to the top tool bar, Format, column, hide.
You should now have only 2 columns, Volume and 1/Pressure. Develop
a chart and bring the chart and the data into you word document. Follow
steps 13-19.

2o}
[\
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Graphing Exercise
As you may know, gasoline and the oil from which it is obtained is an important natural

resource for all of the nations of the world. The data that follows gives the oil production
of North America since 1930:

Year Oil Production
(billions of barrels)
1930 0.75
1940 1.00
1950 2.50
1960 4.00
1970 5.00
1980 4.90
1990 4.70
2000 4.80

Using the graph paper provided, graph this information. From your graph, answer the
following questions:

1. Approx1mately how much 011 was produced by North America in 19557

4 Do o % 25 /1 lto 1 Bacie /S
2. In what year was oil production about 2.00 billion barrels?

drﬂum/ /1947
3. What happens to oil productlon after 19707
\F stcds b a/é( ne

4. What would you anticipate the production of oil to be i in 2010?

e’ *5 < 'f: s ‘) o by ){"‘/’ /4": Ve (3 /‘4’ calltS€ 177 & 27,

/ 7

‘/’//1(‘ PIOdectro07 T s > S erece: r‘(ljai/p,
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Use the mouse to drag the
plunger to your desired
volume. Data will be
automatically recorded in
the table when you release
the mouse.

Volume (mL) |Pressure (psi)

Drag this!

Testing:
@ Air O Hydrogen

O Oxygen O Helum





Attachment 3

Experiment:  Cooling Curves

Purpose:  To Compare the cooling curves for two different pure substances.

Procedure:

1. You will receive a beaker of warm water into which a test tube of fused paradichlorobenzene is placed.

2. Place a thermometer into each liquid and record the temperature every minute while the liquids cool.

3. Observe the physical appearance of each liquid during this time and record your observations along with the temperature and time data.

Analysis of Results

A. Using Excel, enter the data: time (A column), Temperature Water (B column) and Temperature PDB (C Column).

B. Graph the data using the chart type, point, smooth line.

C. Paste both the data and the graph in a word document and answer the conclusion questions.

D. Print and submit the document when completed.

Conclusion Questions

1. Did the cooling curves look the same for both pure substances?

2. Using your observations suggest a reason why or why not.

3. In general, what happens to the temperature of a substance during change of phase?
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Honors Chemistry Boyle’s Law Computer Simulation Lab Report

Data and Calculations:

Complete the following data chart:

Pressure (psi)

Volume (mL)

PXV

G433y

¥

504.4y

525

514,59

RYERE)

qQ.%
15

H514.6

25 .48

[4.§

51y, doy

17.§

AN

504,42

Answer the following conclusions:

1. Comment on the product of pressure X volume obtained from your data above.
T numbars cre new \7 e exad seme «lgre,&,udy\

is the mathematical formula representing Boyle’s Law? Does your

imental data agree? Explain why or why not.
0
P! \/\ =tz VZ.
Our  experimente U o agrees because -emel il
Yl products o fea i7 fle soe ConsteT 4 IR 4 ben The
volume  od  prssue i m wlfpled,

3. Explain the relationship between pressure and volume in your own words.
Mathematically, what kind of a relationship does this represent? {direct, inverse,
exponential) ) _
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N

4. Look at the graphs you developed. How do these graphs verify your answer to
uestion #37 ) ‘
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Temperature Change

Temperature (Celsius)

0 5 10 15 20 25 30

Time (Minutes)

Temp Temp Temp Temp

of H,O  of PDB Time of H,O  of PDB
[1} 66 73 13 50 53
1 65 70 14 49 53
2 62 67 15 49 52
3 61 65 16 48 52
4 59 63 17 47 52
5 58 61 18 47 52
6 56 60 19 46 52
7 55 59 20 45 52
8 54 57 21 45 52
9 53 56 22 45 51
10 52 55 23 44 51
1 51 54 24 44 51
12 50 54 25 43 51

1.) They were different because the PDB leveled out after it completely crystallized,
and water continued to decrease in temperature

2.) As time went on the bottom the PDB started to crystallize first.

3.) As the temperature lowers the molecules are slowing down and their kinetic
energy decreases as they form a solid.
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